Rescattering effects of baryon and antibaryon in heavy quarkonium decays are investigated by studying angular distributions. The rescattering amplitudes are phenomenologically evaluated by modeling of the intermediate range interaction as a σ meson exchange between qq quarks. The results show that the rescattering effects play an important role in determination of the angular distribution in heavy quarkonium decays into Σ 0Σ0 and Ξ −Ξ+ . Compared with experimental values, the negative sign of the angular distributions of J/ψ → Σ 0Σ0 and Ξ −Ξ+ are automatically reproduced by incorporation of the rescattering effects. For further test of rescattering effects in charmonium decays, higher accurate measurements of the angular distribution for J/ψ, ψ ′ → Σ 0Σ , Ξ −Ξ+ at BES III are proposed. :12.39.Pn;13.25.Gv;13.75.Ev Exclusive decays of heavy quarkonium into baryon antibaryon pairs (BB) are widely investigated as a laboratory to test perturbative QCD (pQCD) properties or to study the baryonic properties [1, 2, 3, 4] . The branching fractions of J/ψ and ψ ′ decays into BB have been systematically studied in the framework of pQCD [1, 2] , and the calculated values are in good agreement with experimental values. The angular distribution parameters in e + e − → J/ψ, ψ ′ → B 8B8 (B 8 : octet baryon), were also investigated theoretically and experimentally by many groups [5, 6, 7, 8, 9] . In the formal limit of an infinitely heavy charm quark, one get α B = 1 for the angular distribution dΓ/dcosθ ∝ 1 + α 8 cos 2 θ as a consequence of hadronic helicity conservation. Further investigations including quark mass effects, electromagnetic effects and higher-twist corrections to α B have been made with a general conclusion of 0 < α B8 < 1. Compared with experimental values, however, the α B in some channels has the reverse sign, for example, the central value of α Ξ = −0.13 for J/ψ → Ξ −Ξ+ from Mark II collaboration [10] and α Σ 0 = −0.21 ± 0.30 for J/ψ → Σ
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Exclusive decays of heavy quarkonium into baryon antibaryon pairs (BB) are widely investigated as a laboratory to test perturbative QCD (pQCD) properties or to study the baryonic properties [1, 2, 3, 4] . The branching fractions of J/ψ and ψ ′ decays into BB have been systematically studied in the framework of pQCD [1, 2] , and the calculated values are in good agreement with experimental values. The angular distribution parameters in e + e − → J/ψ, ψ ′ → B 8B8 (B 8 : octet baryon), were also investigated theoretically and experimentally by many groups [5, 6, 7, 8, 9] . In the formal limit of an infinitely heavy charm quark, one get α B = 1 for the angular distribution dΓ/dcosθ ∝ 1 + α 8 cos 2 θ as a consequence of hadronic helicity conservation. Further investigations including quark mass effects, electromagnetic effects and higher-twist corrections to α B have been made with a general conclusion of 0 < α B8 < 1. Compared with experimental values, however, the α B in some channels has the reverse sign, for example, the central value of α Ξ = −0.13 for J/ψ → Ξ −Ξ+ from Mark II collaboration [10] and α Σ 0 = −0.21 ± 0.30 for J/ψ → Σ
0Σ0
from BES I collaboration [11] . Recently, BESII collaboration have released a higher accurate measurement α Σ 0 = −0.24 ± 0.20 with 58 million J/ψ events accumulated at BEPC. Stimulated by this observation, we make a further investigation of the angular distribution by taking into account of rescattering effects of BB in heavy quarkonium decays. The BB produced from heavy quarkonium decays moves oppositely with higher momentum (see Figure 1 .(a)), they might experience an intermediate-range interaction by a meson exchange ( Figure  1.(b) ). Traditionally the N N interaction at intermediate range has been successfully described by the σ meson exchange picture [12] . As in chiral quark model [13] , we model the intermediate range attraction in the BB interaction as a rescattering ofuarks by exchanging a σ meson ( Figure  1.(c) ). * Mailing address
(c) Fig. 1 : The schematic illustration for heavy quarkonium decays into BB (a) and via a rescattering process of BB (b), which is equivalent to a exchange of a σ meson betweenuarks.
The helicity amplitude corresponding to Figure 1 (a) and (b) can be expressed as:
where M, λ 1 (λ
) denote the helicity of heavy quarkonium, baryon and antibaryon, respectively. For heavy quarkonium production from positron annihilation, M = ±1. F and T are helicity amplitudes corresponding to heavy quarkonium decays to BB and BB rescattering processes, respectively. For considering parity invariance and time reversal invariance, one has
Note that interference terms vanishes between M 1 and M 2 due to the orthogonal D−function, then the angular distribution of the decayed baryon is expressed by:
where
is the net angular distribution parameter for BB without rescattering effects.
We employ the constituent quark model to evaluate the rescattering amplitude of octet baryons. We define an operator
where g is the coupling strength of a σ meson touarks. Γ σ and m σ are the σ's decay width and mass, respectively. x denotes the transferred momentum. u(p i , s i ) and v(q i ,s i ) are Dirac spinors for quarks and antiquarks with helicity s i ands i , respectively. Their normalization is taken as uu = −vv = m/E. Then the rescattering helicity amplitude is evaluated by:
where ψ B (p i , s i )ψB(q i ,s i ) is the product of B andB wave function in momentum space, which includes the spin, flavor and spatial wave function. They are constructed in quark model as in our previous work [4] . It should be pointed out that the uds basis is used to construct the flavor function by incorporation of SU(3) F symmetry breaking effects. For numerical evaluation of rescattering amplitude of BB, there are three parameters to be determined, i.e. the quark mass m u , m s and the harmonic oscillator parameter β in nucleon spatial wave functions. As usually used in naive quark model, we set m u = m s = 310 MeV, m s = 490 MeV and β = 0.16 GeV 2 . The rescattering amplitudes T i (i = 1, 2, 3, 4) are obtained by evaluating the integration of Equation (6) 
The observed angular distribution of BB depends on the net parameter α and the coupling strength g. In the chiral quark model, the coupling strength g is determined from g πN N [13] , which is g = 2.62. Here we extract this parameter from J/ψ → pp. For consistency the net parameter α should be calculated from the same quark model, we cite α = 0.62 as in our previous calculation [4] , then one gets g = 1.32. Figure 2 shows the rescattering effects of BB in heavy quarkonium decays. For J/ψ, ψ ′ → pp decays, the observable α ′ drops down with increase of the net parameter α, while it increases for Υ(1S) → pp. This is due to the strong depression of the pp rescattering amplitude in the Υ(1S) decay. For ΛΛ decays, they share the similar behavior. For heavy quarkonium decays into Σ
and Ξ −Ξ+ , the rescattering effects play a significant role to determine the angular distribution as shown in Figure 2(c) and (d) , respectively, and the sign of the observable α ′ is negative. With --Υ(1S) → pp 0.98 [3] 0.80 --ΛΛ 0.97 [3] -0.07 --Σ 0Σ0 0.96 [3] -0.18 --Ξ −Ξ+ 0.95 [3] -0.05 --
To summarize: the rescattering effects of BB in heavy quarkonium decays are investigated by studying the angular distributions. The rescattering amplitudes are phenomenologically evaluated by modeling of the intermediate range interaction as a σ meson exchange betweenuarks. The results show that the rescattering effects play an important role in determination of the angular distribution in heavy quarkonium decays into Σ 0Σ0 and Ξ −Ξ+ . Compared with experimental values, the negative sign of the angular distributions of J/ψ → Σ 0Σ0 and Ξ −Ξ+ are automatically reproduced by incorporation of the rescattering effects. For further test of rescattering effects in charmonium decays, higher accurate measurements of the angular distribution for J/ψ, ψ ′ → Σ 0Σ , Ξ −Ξ+ at BES III are proposed.
